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Abstract
Land degradation is a complex and multidimensional issue. Mapping active degradation at
continental or global level is virtually impossible given the local scale of the processes involved.
However, patterns of human-environment interactions that are likely to lead to land degradation
can be identified. The combination of spatial(-ised) indicators of these patterns with land
productivity dynamics derived from Earth observation can be interpreted to highlight places
where land degradation may be ongoing. Further small scale investigation is needed to determine
the gravity of the potential land degradation locally.
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1 Introduction
Land degradation is defined by the FAO as the reduction in the capacity of the land to provide
ecosystem services [1]. Ecosystem services are the benefits that humans gain from ecosystems
[2]. They include provisioning (e.g. food; fuel; fibre; genetic resources; biochemical, natural
medicines and pharmaceuticals; ornamental resources; fresh water), regulating (e.g.: air quality
regulation; climate regulation; water regulation; erosion regulation; water purification and waste
treatment; disease regulation; pest regulation; pollination; natural hazard regulation), cultural
(e.g.: cultural diversity; spiritual and religious values; knowledge systems; educational values;
inspiration; aesthetic values; social relations; sense of place; cultural heritage values; recreation
and ecotourism) and supporting services (soil formation; photosynthesis; primary production;
nutrient cycling; water cycling).
The United Nations Convention to Combat Desertification (UNCCD, www.unccd.int) defines
desertification as land degradation in drylands, while
land degradation means reduction or loss [. . . ] of the biological or economic produc-
tivity and complexity of rainfed cropland, irrigated cropland, or range, pasture, forest
and woodlands resulting from land uses or from a process or combination of processes,
including processes arising from human activities and habitation patterns.
The three components of land degradation, which are biological productivity, economic produc-
tivity and ecosystem complexity, are not directly measurable. Indicators that describe them do
not necessarily agree [3], which makes the assessment of land degradation subject to the interests
of the expert or the considered stakeholders.
"Land degradation processes are highly dependent on a complex interaction between biophysical
factors and land use systems, both of which vary in space and time [4]." Land degradation is
difficult to assess at a continental or global scale given the local scale of the processes involved and
the complex interactions between the local human actions and the environment. The importance
of local land conditions (soil, geology, climate, land use and management) make the processes
difficult to up-scale. Numerous local to regional studies and a few global initiatives have been
published. Among them, the Global Assessment of Human-Induced Soil Degradation (GLASOD,
1987-1990) was a UNEP-funded project, conducted by ISRIC. It has produced a world map
of human-induced soil degradation, using an approach based on expert knowledge [5]. More
recently, the Land degradation assessment in drylands (LADA 2006-2010) was funded by the
FAO. The project defined land degradation as the long-term decline in ecosystem function and
measured it in terms of net primary productivity. In the global segment of LADA, the authors
identified six tangible components of the ecosystem services on which pressures apply and result
in degradation processes [6]: biomass, soil, water, biodiversity, economics and social. For each
axis, they estimated the status and the degradation processes at play. They combined them into
an indicator of land degradation. The reviewers of the project criticised the lack of validation
and the choice of some of the datasets used as input. The authors argued that they did conduct
local studies in some countries and that they used the state-of-the-art datasets freely available at
the time. However at such a resolution (5 arc-minutes), the local processes cannot be assessed.
Gibbs and Salomon recently reviewed the global efforts assessing land degradation [7]. They dis-
tinguish four strategies: (1) Expert base, e.g. GLASOD, (2) Remote sensing based, e.g. temporal
analysis of vegetation index in LADA [8], (3) Biophysical models, of which further work could
advance the application to the assessment of land degradation by focusing on direct assessment
of land vulnerability, rather than using marginality as a proxy, (4) Abandoned agricultural land
mapping. As possible ways forward, they propose to focus on relevant and consistent definitions
and to put emphasis on modes of degradation.
Particular interest should be given to indicators revealing slow but pernicious evolution of soil
quality [9].
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Concurring biophysical and societal process changes can be identified (at global scales) but need
interpretations specific to the local context to define the trade-offs and identify solutions to
improve the sustained provision of ecosystem services. Besides, the focus should not concentrate
on the mapping of perceptions but on identifying what is needed to improve the situation.
In this study we propose to integrate global maps of the land system productivity dynamics
(LPD), that mainly account for the biomass status and processes, with components of land
degradation at a resolution of 30 arc-seconds (1 km at the equator). In the framework of
EUROCLIMA-JRC, we focus the analysis on Latin America but the results are available at
global scale.
We consider that the main driving forces of land degradation are intensive agriculture (mecha-
nised, using excess fertilisers and unsustainable irrigation), overgrazing, urban and industrial
development (land take and soil contamination), deforestation.
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2 Looking for convergence of evidence
Land degradation cannot be mapped as such at global or continental scale. The processes
involved are multiple and their interactions are driven by local conditions difficult to capture at
that scale. Nevertheless one can look for convergence of evidence of regional conditions that are
likely to translate into LD processes.
In this study, we use a map of the land productivity dynamics (LPD) obtained from phenological
variables derived from Earth Observation data as an indicator of the direction and intensity
of change in the vegetation productivity. We integrate this with other spatial(ised) data as
indicators of the human-environment biophysical processes that can initiate, worsen or reverse
land degradation. We construct indicators of the susceptibility to land degradation for four
classes of land use: crop, pasture, forest and urban. For each, we identify and combine different
factors that could constitute favourable grounds for land degradation. We interpret these in
combination with the land productivity dynamics, including drought severity and fire occurrence
in the analysis.
2.1 Land productivity dynamics
Building on numerous studies that use Normalised Difference Vegetation Index (NDVI) as
base layer, a set of phenological metrics was calculated from time series of the vegetation
index, providing additional information on various aspects of vegetation/land cover functional
composition in relation to dynamics of ecosystem functioning and land use [10].
The methodology relies on the theory that the combination of weak evidence can converge into a
stronger indicator. Evidence of direction and intensity of phenological dynamics is gathered from
different independent measures derived from the NDVI time series (SPOT VEGETATION data
from 1998 to 2013).
Where there is a single season, the seasonal integral, an output of the PHENOLO model [10], is
used as indicator of the land productivity. It represents the integral of the NDVI between the
start and the end of the growing season from which the permanent fraction has been removed.
Where there is no or more than one season over the year, the integral (sum) of the NDVI over
the year is used instead.
The long-term change of land productivity is characterised by a steadiness index and by the
intensity of the change of standing biomass between the beginning and the end of the time series.
The steadiness index [11] is a combination of the slope of the linear regression of degree one of
the phenological variable on time (year) and the direction of the change between the average of
the last three years and all others.
MTID3 =
2010∑
i=1999
(
D¯j∈[2011,2013] −Di
)
(2.1)
The change in standing biomass is obtained from the differences between the average of the
first three years with the last three years. The differences are classified into ten classes and the
indicator gives the intensity of the change.
The current status map is obtained by comparing the average performance of the last five
years within phenology and productivity related ecosystem functional units (EFUs). Those are
determined using five metrics related to the cyclic and permanent fraction of productivity, to the
background, to the growing season start and the timing of the maximum NDVI value [10, 12].
The result of the analysis is the relative performance of each pixel with respect to the other
pixels within the same EFU, further referred to as local net scaling.
The three datasets are categorised and combined into a global indicator of the direction and
intensity of change, as shown in Figure 2.1. Table 2.1 shows how the different levels of the
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Steadiness index (1999-2013) Standing biomass state
change (99-01 vs 11-13)
Local net scaling (09-13)
Figure 2.1: Combination of weak evidence that converge to give an indicator of the direction and
intensity of change in land productivity.
categories are combined into 8 classes. For the interpretation, the 8 classes are merged into
3 classes: evidence of decreasing land productivity, no converging evidence and evidence of
increasing land productivity. Figure 2.2 shows the resulting map for Latin America. The red
colour indicates the pixels where there is evidence that land productivity is decreasing (values 1
to 3 in table 2.1). The pixels where there is evidence that land productivity is increasing (values
7 to 8) are coloured in green. Between these extremes there is not enough evidence to decide on
either increasing or decreasing land productivity. We use the words ’stable land productivity’ for
these pixels where there is no clear direction in the change.
Table 2.1: Eight classes of convergence of evidence of land productivity dynamics. Low values
represent strong evidence of decreasing productivity. High values represent strong
evidence of increasing productivity. Middle values express a lack of or contradictory
evidence of change.
Steadiness St1 St2 or St3 St4
⇓ ? ⇑
Biomass change 0 1 ≥ 2 0 OR 1 OR ≥ 2 0 1 ≥ 2
Combined ? ↓ ⇓ ⇓↓ ? ?↑ ⇑ ⇑↑
Local Net Scaling
< 50%: ↓ ⇓ ⇓↓ ⇓⇓ ↓ ? ↑ ⇑
3 2 1 4 5 6 7
≥ 50%: ? ↓ ⇓ ⇓ ? ↑ ⇑ ⇑↑
4 3 3 5 6 7 8
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Land productivity dynamics
Evidence of decreasing productivity
No convergence of evidence on land productivity dynamics
Evidence of increasing productivity
Coordinate reference system: WGS84
Resolution: 0.008929
Figure 2.2: Map of the land productivity dynamics
2.2 On the development of combined indicators
Building combined indicators is a delicate task. The combination of single indicators can be
compensatory or non compensatory. In the first case, the increase in one of the constituent
indicators can be compensated by the decrease of another. The effects can be additive or
multiplicative. All kinds of averages, arithmetic or geometric are examples of such compensatory
indicators. In the second case, the combined indicators have non-compensatory effects.
Building a non compensatory indicator can be done with methods of data envelopment analysis
(DEA), which aim at extracting from the data the "envelopment frontier" where the indicator
should be at its maximum. Then, all the observations that are inside the envelope are receiving
their indicator’s value by projecting the point on the frontier and taking the ratio of the distance
from the origin to the observation and the distance from the origin to the projection of the
observation on the frontier.
A pure output DEA model is a model where all effects are positive and must be maximised. A
single constant input must be considered to make it meaningful [13]. If all output variables are
∈ [0, 1] and can theoretically take any value in that interval, the DEA indicator simplifies to
the maximum value of the output variables. This is demonstrated for the combination of two
indicators.
Let i ∈ [0, 1] and f ∈ [0, 1] be observations of variables I and F . If the envelopment frontier is
made by the line segments joining the points (I = 1, F = 0), (I = 1, F = 1), (I = 0, F = 1), the
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projection of (i, f) on the frontier is (i′, f ′) and we can write:
i
i′
= f
f ′
and the relative distance ρ of (i, f) on the frontier is:
ρ =
~(i, f)
~(i′, f ′)
=
√
i2 + f2√
i′2 + f ′2
Hence, we have:
ρ =

√
i2+f2√(
i
f
)2+1 = f if i < f , hence i′ < 1 and f ′ = 1√
i2+f2√
1+( fi )
2
= i if i > f , hence i′ = 1 and f ′ < 1
i = f if i = f
Which is equivalent to:
ρ = max(i, f)
2.3 Human-environment interactions
In this study, we look at human-environment interactions occurring in four classes of land cover
(crop, range, forest, urban) that could constitute favourable grounds for land degradation. These
are not exclusive and additional information could be taken into account when available at global
scale. For each class, we make a distinction between static and dynamic information. Conditions
that are prevailing over time are considered as static while ongoing processes involving land cover
change are considered as dynamic.
For all variables considered in this study, we create comparable indicators that can take values
between 0 and 1. The references of all datasets used in this study are given in table 2.5, page 25.
Table 2.2: IGBP land cover classes (source: NASA LP DAAC at the USGS EROS Center)
Class IGBP (Type 1) Class IGBP (Type 1)
0 Water
1 Evergreen Needleleaf forest 10 Grasslands
2 Evergreen Broadleaf forest 11 Permanent wetlands
3 Deciduous Needleleaf forest 12 Croplands
4 Deciduous Broadleaf forest 13 Urban and built-up
5 Mixed forest 14 Cropland/Natural vegetation mosaic
6 Closed shrublands 15 Snow and ice
7 Open shrublands 16 Barren or sparsely vegetated
8 Woody savannas 254 Unclassified
9 Savannas 255 Fill Value
2.3.1 Crop land
The expansion of crop land is used as dynamic indicator. We consider two static indicators of
susceptibility of crop land to degradation: the intensity of agriculture and the natural constraints
to agriculture.
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Crop land expansion
The expansion of agricultural land is considered here as likely loss of ecosystem services, although
when managed sustainably land can provide greater services than before its conversion.
Land cover change is difficult to evaluate because the uncertainties in land cover classification
are large. When comparing land cover maps obtained with the same method for different years,
the errors cumulate.
We use the MODIS MCD12Q1 product that gives the global land cover for the years 2001 to
2012, which match our time window (NDVI timeseries: 1999-2013).
Taking the mode of the first and last six years in the time series, we compare them and flag
as "expansion" those pixels that are crop land or mosaic cropland/natural vegetation (IBGP
classification: 12 and 14, see table 2.2) in the second image and that were not so in the first.
CropExp =

1 if
{
mode(landCover[2001,2006]) /∈ (12, 14)
mode(landCover[2007,2012]) ∈ (12, 14)
0 otherwise
(2.2)
Figure 2.3 shows the results of the comparison of the two periods.
Figure 2.3: Map of crop land expansion in Latin America between the first half and the second
half of the observation period.
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Agriculture intensity
Intensive agriculture can easily lead to land degradation. Irrigation in regions where water
withdrawals are excessive compared to total annual water flow can deplete water resources for
the future. Excessive fertilizer application leads to pollution of ground and surface water by
infiltration and run-off. Monoculture translates into a loss of ecosystem complexity and often
concords with heavy pesticides and fertilizer use.
Irrigation We use the global map of irrigation areas from AQUASTAT that gives the per-
centage of the area equipped for irrigation. We consider that irrigation constitutes a risk only in
regions where water is scarce, that is where the annual withdrawals are large compared to the
annual flow of water. We hence use as irrigation indicator the baseline water stress (BWS) in
areas equipped for agriculture and clamp it between 0 and 1. This means that a BWS of 1 or
more is set to 1, the maximum value. All pixels with a non null percentage of the area equipped
for irrigation that have a BWS above 0.5 are flagged.
Fertilization According to the literature, 30 kg/ha are considered as a moderate residual of
nitrogen [14]. We clamp the total nitrogen balance on landscape [15] between 0 and 60 kg/ha
and divide it by 60 to have an indicator that varies between 0 and 1 and that is centred on a
moderate residual of nitrogen.
Fertilization = min
(
max
(
0, N60
)
, 1
)
(2.3)
Monoculture Pixels where at least one of the major crops (i.e. maize, rice, wheat, soybean,
sugarcane) [16] covers at least 40 % of the area are flagged as monoculture (1) while the others
are assigned a value of 0.
Monoculture =
{
1 if any of (maize, rice, wheat, soybean, sugarcane) > 40%
0 otherwise
(2.4)
The three indicators of agriculture intensity are combined by taking their maximum.
CropIntensity = max (Irrigation, Fertilization,Monoculture) (2.5)
Figure 2.4 shows the three components of the cropIntensity indicator as RGB, under a cropland
mask. Red, green and blue pixels show where a single component is at play, while where two or
three components have non null values, the colours are combined. Places where the area under
cropland is more than half the surface, but where all three components are null appear in black.
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Figure 2.4: Map of agriculture intensity indicator in crop lands of Latin America. Red: Baseline
water stress in irrigated areas; Green: Nitrogen residual; Blue: Monoculture. The
colours are combined as RGB. Pixels where all three components are null are black.
Constraints to agriculture
Agriculture in constrained areas can have disastrous effects on land if management is not properly
adapted. The constraints can be overcome by adapted technologies but constitute a non-negligible
vulnerability, especially when they are associated with poverty. Natural constrains can be due to
soil quality, terrain and climate.
Soil Poor soil quality can constrain agriculture. We use the FAO/IIASA map of global areas
with soil constraints developed on the basis of the FAO/UNESCO Digital Soil Map of the World
in the framework of the Global Agro Ecological Zones (GAEZ). The shallower the soil and
the poorest his quality, in terms of natural fertility, toxicity, drainage and texture, the more it
impedes agriculture. The degree to which soil characteristics constrain agricultural production
potential in the pixel area is rated from 1 to 7 [17]. We subtract 1 and divide by 6 to obtain an
indicator in the range [0, 1].
Terrain Over 15 degrees of slope, crop production is severely constrained. Terracing or other
adaptation is necessary to avoid excessive loss of soil. We use the USGS digital elevation model
to derive the slope. We clamp the values between 0 and 15 and divide by 15 to have a indicator
ranging between 0 and 1.
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Climate When climatic conditions are too dry or too cold, the length of the growing period
is too short to allow crop production without irrigation or heated greenhouses. We use maps of
the length of moisture and temperature constrained growing period developed for the GAEZ.
We consider 150 and 210 days as maximum values for the moisture and temperature growing
periods respectively. We build the indicator for climate constraint as follows:
ClimConstr = 1− (min (max (mgp, 150) , (max (tgp, 210)− 60))/150) (2.6)
where mgp and tgp are the lengths of growing period constrained by moisture and temperature
respectively.
The three constraints are combined in a single static indicator by taking their maximum:
CropConstr = max (SoilConstr, SlopeConstr, ClimConstr) (2.7)
Similarly to the CropIntensity indicator, Figure 2.5 shows the three components of the indicator
of constraints to agriculture as RGB. The two static indicator related to crop land are combined
by taking their maximum:
CropInd = max (CropIntensity, CropConstr) (2.8)
Figure 2.5: Map of constraints to agriculture in crop lands of Latin America. Red: slope; Green:
soil; Blue: climate. The colours are combined as RGB. Where all three components
are null, colour is black.
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2.3.2 Range land
In range land, the land use change is difficult to assess given the large number of land cover
classes that it can encompass. As range land mask, we use the IGBP classes 6 to 11 as well as 14
and 16 (Table 2.2).
We assess the intensity of animal husbandry with livestock density. We build two indicators of
intensity: one related to the feeding capacity of the land and the other with the risk of nitrogen
pollution.
We could not assess the expansion of the range lands themselves nor issues such as bush
encroachment or presence of invasive alien species at global scale.
Livestock density
High stocking rates do not allow the grass to regrow and may lead to land degradation through
loss of biological productivity or bush encroachment. We use the modelled livestock density from
FAO, with the livestock unit (LSU) coefficients from EUROSTAT (Table 2.3) and the median
yearly net primary production from NASA to build an indicator of the pressure of the stocking
rate of grazers on the range lands. The LSU is a reference unit established initially on the basis
of the nutritional or feed requirement of each type of animal. One LSU is the grazing equivalent
of one adult dairy cow producing 3000 kg of milk annually. We convert all livestock densities in
LSU by multiplying them by the corresponding LSU coefficient and add the layers to obtain a
unique livestock density layer.
Table 2.3: Livestock unit coefficients and recommended number of animals per square kilometre
Animal type LSU # /km2
Cattle/beef 0.8 63
Pigs 0.5 125
Sheep/Goats 0.15 500
Poultry 0.014 5000
GrazerDensity = (cattle ∗ 0.8 + sheep ∗ 0.15 + goats ∗ 0.15) (2.9)
Stocking rate
We compute the maximum stocking rate that can be supported as a function of the net primary
productivity (NPP) based on the following assumptions:
• The above ground biomass accounts for half of the total NPP [kg of C per square km per
year]
• According to the "take half, leave half" method, the available forage for grazers is about
half of the above ground biomass [18].
• The daily metabolic requirement of a cow with calf (reference for 1 LSU) ranges from 1 to
2.8 % of its body weight [19]. We used 2.667% of 450 kg, i.e. 12 kg of dry matter [18].
• One kg of dry matter contains 0.475 kg of carbon
availableForage = 0.5 ∗ 0.5 ∗median(NPP2000,2013) (2.10a)
animalIntake = 12 ∗ 0.475 ∗ 365 (2.10b)
maxStockingRate = availableForage
animalIntake
(2.10c)
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Figure 2.6: Map of indicator of pressure exerted by grazers on range lands of Latin America.
We build an indicator of the intensity of the stocking rate by taking the ratio of the grazer
density and the maximum stocking rate that can be supported. Where the indicator is below
1, the grazer density can be supported by the local productivity. Where it is above one, the
grazer density is too large for the local productivity and the vegetation cannot recover without
additional input (fertilizer or concentrated feedstuffs). We divide the indicator by 2 and clamp it
between 0 and 1 to make it comparable with the other indicators.
grazerIntensity = min
(
grazerDensity
2 ∗maxStockingDensity , 1
)
(2.11)
Figure 2.6 shows the resulting indicator. The darker the shade, the greater the pressure on
the land. The calculation is greatly simplifying the real situation since it does not consider the
seasonal variations. The indicator is hence probably too optimistic.
Risk of nitrate leaching
The EU Nitrates Directive sets the limit of 170 kg/ha/year as maximum nitrogen input from
agricultural sources [20]. In livestock raising, this translates into about 240 LSU/km2/year. The
indicator of nitrogen production is hence the minimum between the annual livestock density
divided by twice the maximum allowed input and one. Figure 2.7 shows the spatial distribution
18
Figure 2.7: Map of indicator of livestock nitrogen production on range lands of Latin America.
of the indicator in Latin America.
livestockDensity = (0.8cattle+ 0.15sheep+ 0.15goats+ 0.5pigs+ 0.014poultry) (2.12a)
NleachingRisk = min
(
livestockDensity
240 ∗ 2 , 1
)
(2.12b)
Both indicators can be combined by taking their maximum.
RangeInd = max (grazerIntensity,NleachingRisk) (2.13)
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2.3.3 Forest
We consider deforestation as direct loss of ecosystem services, through loss of ecosystem complexity,
biological production and economic production. As dynamic indicator, we use the Hansen Global
Forest Change v1.1 that assesses tree loss from 2000 to 2013 as shown in Figure 2.8.
Figure 2.8: Map of indicator of forest loss in Latin America.
2.3.4 Urban
The expansion of urbanized areas results in soil sealing and loss of other ecosystem services that
the land could provide. We use the Global Human Settlement Layer [21] to assess the expansion
of settlements and soil sealing between 2000 and 2014 (Figure 2.9).
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Figure 2.9: Map of human settlements in Latin America.
2.3.5 Overarching factors
We selected additional layers that are not related with any particular land use but can aggravate
the conditions that could lead to land degradation.
Fire
Wildfires represent an important agent of land degradation in temperate sub humid ecosystems
[22]. These are different than prescribed fires. They remove the vegetation and make the soil
more susceptible to wind/water erosion. For example in Mediterranean countries, the frequency
of wild fires increases due to the migration of the rural population and the land abandonment.
The post-fire erosion rate decreases after several months or years: the window of disturbance is
generally limited in time.
In this study we use the burning occurrence based on the analysis of MODIS AQUA/TERRA
data between 1999 and 2013. The data are shown in Figure 2.10.
Drought
Areas that have been hit by more severe drought events than one could expect are likely to
exhibit a decrease in land productivity. Droughts can have an effect on land similar to wildfires,
with an increased susceptibility to erosion. Long lasting droughts can lead to land degradation
when the vegetation cannot recover and the land cannot reach its former productivity.
The Standardized Precipitation Index (SPI) is a statistical indicator used for comparing the
21
Figure 2.10: Map of fire occurrence between 1999 and 2013 in Latin America.
precipitation at a certain location with the long-term distribution of rainfall at the same location.
It is calculated monthly for a cumulation period of n months. The distribution is normalised
to allow the comparison of different climates. The magnitude of departure from the mean is
a probabilistic measure of the severity of a wet or dry event (Table 2.4). We use the SPI-12
calibrated on the reference period 1981-2010 computed with data from the Global Precipitation
Climatology Centre (GPCC), available from the JRC drought observatory [23]. The total number
of months in our observation period (1999-2013) is 180. By comparing the number of months in
a given class of SPI during that period with the theoretical probability multiplied by 180 (table
2.4), we can highlight the locations that underwent more extreme drought events than one could
expect. Figure 2.11 shows anomalies that correspond to well defined events during that period:
extreme drought in north-east Brazil from 2012 to today; Amazonia in 2005 and 2010; Argentina
in 1998/1999 and 2011/2012.
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Table 2.4: Standardized Precipitation Index (SPI) classification [24]
SPI Class Probability of event [%]
SPI ≥ 2.00 Extreme wet 2.3 %
1.50 < SPI ≤ 2.00 Severe wet 4.4 %
1.00 < SPI ≤ 1.50 Moderate wet 9.2 %
−1.00 < SPI ≤ 1.00 Near normal 68.2 %
−1.50 < SPI ≤ −1.00 Moderate dry 9.2 %
−2.00 < SPI ≤ −1.50 Severe dry 4.4 %
SPI < 2.00 Extreme dry 2.3 %
Figure 2.11: Map of the number of months with SPI-12 values corresponding to severe droughts
in the period 1999 to 2013 in Latin America.
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Poverty
The relation between poverty and land degradation is one of negative feedback [25]. In areas of
desertification there is a great incidence of poverty and indigence. Poverty and indigence affect
rural populations in greater proportion, even if there are more poor in cities (just because urban
population is larger than rural). Drought and desertification favour poverty and the breaking of
family structures.
Rural poverty statistics can be incorporated in the analysis, but are difficult to obtain at
subnational levels, which makes their relevance disputable in this context. Also, those statistics
do not consider the informal sector of the economy. For example, smallholder farmers who practice
subsistence agriculture using viable, sustainable practices with good resilience to environmental
risks could have little monetary income but still meet their needs and have no adverse effect on
the land they care for. Given the former shortcomings, we did not include poverty statistics in
the analysis.
2.4 Combined indicator of susceptibility to land degradation
We consider the susceptibility to land degradation as the maximum of all previous indicators:
ldd = max (CropExp,CropInd,RangeInd, TreeLoss, UrbanExp) (2.14)
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Table 2.5: List of spatial layers integrated in the analysis
Indicator Layer Name Time frame Resolution
[degree]
(km)
Provider
Crop land Cropland Map 2005 0.0083
(1 km)
IIASA-IFPRI
[26]
Agriculture expan-
sion
MCD12Q1 2001-2012 0.5 km NASA LP
DAAC at the
USGS EROS
Center [27]
Agriculture intensity
Irrigation Global Map of Irrigation
Areas v5.0
2013 0.083
(10 km)
AQUASTAT-
Universität
Bonn [28]
Water scarcity Aqueduct Global Maps 2.1
Data: Baseline Water
Stress
2010 WRI AQUE-
DUCT [29]
Fertilization Total Nitrogen Balance for
140 Crops
2000 0.083
(10 km)
EarthStat/GLI
[15]
Monoculture Harvested areas of major
crops
2000 0.083
(10 km)
EarthStat [16]
Constraints to agri-
culture
Soil quality Global areas with soil con-
straints
- 0.083
(10 km)
FAO-IIASA
[17]
Terrain Global Multi-resolution
Terrain Elevation Data
2010 0.002
(0.23 km)
USGS [30]
Climate Length of growing period 1950-2000 0.083
(10 km)
GAEZ-FAO-
IIASA [31]
Range land
Livestock density Modelled livestock density 2006 0.0083
(1 km)
FAO-ILRI-
ERGO-ULB
[32]
Net primary pro-
duction
MOD17A3H.006 2000-2015 0.0042
(500 m)
NASA LP
DAAC at the
USGS EROS
Center [33]
Forest loss Hansen Global Forest
Change v1.1
2000-2013 (30 m) Hansen-UMD-
Google-USGS-
NASA [34]
Urban expansion Global Human Settlement
Layers
1975-2014 (38 m) JRC
Drought severity SPI-12 1999-2013 1 (110 km) JRC drought
observatory
[23]
Fire occurrence MCD45A1 2000-2013 0.00833
(1 km)
NASA LP
DAAC at the
USGS EROS
Center [35]
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3 Interpretation of human-environment interactions
Where the land productivity dynamics map indicate a decreasing productivity and the suscepti-
bility to land degradation has values larger than 0.5, there is convergence of evidence that land
degradation is likely to occur. However increasing productivity can disguise degradation processes,
for example due to unsustainable practices under intensive agriculture that are depleting the
water resources or causing pollution. Also, decreasing productivity may be caused by short
lasting processes that won’t induce permanent loss of ecosystem services, but from which the
land can recover by itself after a few years if managed properly. It may be the case of certain fire
and drought events.
Figure 3.1 shows the results of this interpretation over Latin America based on the land produc-
tivity dynamics shown at Figure 2.2.
The red colour shows all pixels with decreasing land productivity where the combined indicator
of susceptibility to land degradation is larger than 0.5. This does not show which particular
indicator contributed to the interpretation nor under what land use it is. For further information,
the values of the individual indicators are distributed in another raster file, which is accessible
on the scado portal (http://edo.jrc.ec.europa.eu/scado/) and as a Google Earth Engine
asset (users/mweynants/WAD/LDSusceptibilityIndic).
The orange colour shows the pixels that are classified as having increasing land productivity
where the indicator for intensive agriculture is greater than 0.5 and where more than 50% of
the area is dedicated to crops. The yellow colour shows the same for pixels that are classified as
stable productivity. Both indicate areas where agriculture practices are potentially unsustainable,
which could lead to the degradation of the resources, e.g. depletion of the water table due to
overexploitation of water, pollution due to excess use of fertilizers, loss of biodiversity due to
monoculture.
The brown pixels show areas where the ruminant stocks are greater than those that can be
supported by the natural vegetation but where there is no sign of a decline in land productivity.
This could indicate that the livestock is fed supplementary feed. It could also indicate a risk
of overexploitation of the land resource that might lead to bush encroachment or other loss of
biodiversity.
The light blue colour indicates areas where there is evidence that the land productivity has
decreased that suffered more extreme droughts than expected or where fires occurred during the
observation period. This could mean that the land might recover a stable or increasing produc-
tivity in the future. In the meantime, the soil is more susceptible to erosion and degradation
may occur. Furthermore, in case of long-lasting extreme droughts or frequent fires, the soil may
degrade heavily and the land may not be able to recover its previous productivity.
The remaining colours show the areas where none of the indicators considered here indicates a
particular pattern of land degradation. The last entry in the legend has been added because the
confidence in the land productivity change in mountainous areas (defined as elevation greater
than 1000 m or slope steeper than 30 degrees) is less than in flatter areas.
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Interpretation of land productivity dynamics
No data
Likely degradation: positive indicator with decreasing land productivity
Intensive agriculture with increasing land productivity
Intensive agriculture with stable productivity
Overstocking of ruminants with stable or increasing land productivity
Extreme drought events or fires with decreasing land productivity
Stable land productivity
Decreasing land productivity
Increasing land productivity
Decreasing land productivity in mountainous areas
Coordinate reference system: WGS84
Resolution: 0.008929
Figure 3.1: Map of the interpretation of the land productivity dynamics based on the indicators
of human-environment interactions
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4 Conclusions and perspectives
The monitoring of land degradation processes is of main importance to understand the areas
that are at risk, and keep them monitored in time will help to evaluate if the measures taken
are being effective in combating desertification and land degradation. Land degradation is not
a unique process that can be mapped with a single indicator at global scale. It is rather a
combination of processes acting conjointly that can have additive effects. In this study, we
suggest an approach to interpret bio-physical data, here the land productivity dynamics, using
indicators of human-environment interactions.
The results are maps that highlight areas where societal and environmental conditions have
changed in the last 15 years and that require closer scrutiny. They are not land degradation
maps as such because it cannot be apprehended with the data available at continental or global
scale. Further detailed investigation is needed to determine whether land degradation is indeed
occurring and what should be done to halt it. The top-down approach used here needs to be
confirmed by the bottom-up perspective. Besides, the current analysis could be improved by
adding socio-economical data. Unfortunately, these are not currently available throughout the
region at subnational level. They could however be included in future case-studies.
We draw attention to the limitation of data availability at global or continental scale. The
resolution and quality of the different datasets we used is uneven and can cause inconsis-
tencies in the final integration. However, the methodology presented here can easily be
adapted to incorporate new better datasets when they become available. The script of the
analysis is available on Google Earth Engine (GEE) at https://code.earthengine.google.
com/2788dacdb114820898bd7a8c94a4788e and the interpretation and indicators maps can
be imported in new GEE scripts using image IDs "users/mweynants/WAD/lpdInterp" and
"users/mweynants/WAD/LDSusceptibilityIndic" respectively.
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